Short Communication
Density-conformation coupling in macromolecular systems: polymer interfaces Jean-Pierre Carton (1) and Ludwik Leibler (2) (1) Service 11, 1990 , accepted in final , form June 13, 1990) Abstract. 2014 We define local order parameters to take into account the orientation of monomers and molecules in polymer systems. These fields are naturally coupled to density gradients. Such couplings lead to interesting effects in the neighbourhood of interfaces (polymer-solvent and polymer-polymer cases are considered) : macromolecules are prolate on one side, oblate on the other. J. Phys. France 51 ( 1990) [1683] [1684] [1685] [1686] [1687] [1688] [1689] [1690] [1691] 15 AOUT [3] for semi-flexible chains. In the problems which will be explicitly considered in this paper Q will be diagonal in x, y, z and uniaxial so that Qzz can be identified with the usual scalar quantity S = (COS2 On -1 / 3 & # x 3 E ; . The tensor notation makes obvious the invariance properties and as a consequence the couplings involving Q which are allowed. It would also be necessary in situations other than uniaxial.
The labelling index n of a monomer on a chain is not uniquely defined since it could have been numbered in the opposite sense. Under index-reversal operations the order parameters are transformed in the following way :
For an ordinary homopolymer, physical properties are independent of the labelling choice so that P = 0 and only the quadrupolar field Q is meaningful. The present work is devoted to this case. On the contrary if a well defined labelling can be chosen for physical reasons, the vector parameter P can be relevant. The simplest example of such a situation is the case of diblock copolymers A -B [2] .
Our choice of the density being peaked at the middle of the link instead of the edge as in [3] is somewhat different but make the above symmetry more transparent. It This term of purely entropic origin accounts for the density induced behaviour of Q. It is important to stress that it exists even in the absence of anisotropic interactions (which will be introduced in sec,3) and only originates from the connectivity of the chain as it involved in the entropy. As an illustration, assume we are concerned with a density profile, a situation which occurs when segregation takes place between a high and low density phase. This is the very example considered in Ref. [1] . In the absence of anisotropic interactions in (2) i) the variation of J along the z axis is similar to that of Q. Thus the polymer is oblate (parallel to the interface) on the polymer rich side ; it is prolate (normal to the interface) on the low concentration side (Fig.2) . This result has also been obtained by Szleifer using numerical calculations on a lattice model [4] .
ii) According to definition (1), J is a measure of the departure from a spherical shape of radius RG. Eq. (5) Here, not too far from the critical point, e is [6] so that the order of magnitude of Q is
The orientational effect is thus enhanced by a factor §,/a a fact which is important for experimental verifications.
5. Concluding remark.
The properties associated with the orientation of a polymer chain can be interpreted as in the Landau theory using order parameters and symmetry arguments. Our formalism which relies on a microscopic formulation and may include chain rigidity and orientational interactions (which are always present) is rather realistic. It may be useful for quantitative interpretation of experiments on polymer interfaces which are now able to probe the concentration profile (e.g. optical reflectivity methods).
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